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(54) Network system for mobile radio communication 



(57) A network system for mobile radio communica- 
tion includes a network constituted by a server unit and 
a client unit, a radio connection unit connected to a com- 
munication network, a public radio base station installed 
in a cell, and a mobile radio terminal which establishes 
a radio channel with the public radio base station while 
moving. The network system performs data communi- 
cation between the server unit and the mobile radio ter- 
minal. Each of the server unit and the mobile radio ter- 
minal includes a buffer memory and an auxiliary storage 
unit which hold data. The mobile radio terminal includes 



an electric field strength monitoring section for monitor- 
ing slot errors or a reduction in electric field strength, a 
section for storing data in the buffer memory during data 
transmission to the server unit when the level based on 
slot errors or a reduction in electric field strength is equal 
to or higher than a threshold for line switching, a section 
for sending a line switching notification to the server un it, 
a section for sending a line switching request tothe pub- 
lic radio base station, and a section for starting to trans- 
mit the data stored in the buffer memory upon reception 
of a response indicating completion of line switching 
from the public radio base station. 
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Description 



The present invention relates to a network system 
for mobile radio communication in which a network sys- 
tem for a mobile radio terminal is connected to a com- 
munication through a public or private radio base station 
to perform data communication with a server unit. A par- 
ticular system to be described below, by way of exam- 
ple, in illustration of the invention minimises data losses 
even if slot errors or a drop in electric field strength occur 
between a mobile radio terminal and a public or private 
radio base station. 

In Fig. 1 of the accompanying drawings, there is 
shown a previously proposed network system for mobile 
radio communication which includes a radio connection 
unit 55 for selecting a line to be connected through a 
communication network 56, radio base stations 53 and 
54 respectively installed in a plurality of unit cells, and 
a mobile radio terminal (to be referred to as a PS here- 
inafter) 48 which establishes a radio channel with a radio 
base station while moving. The PS 48 includes a buffer 
memory (to be referred to as a BM hereinafter) 50 for 
temporarily storing data in a line switching operation, a 
data device 51 , a data processing apparatus 49, and a 
communication controller 52. 

As a data transmission scheme in such a system, 
the scheme disclosed in Japanese Unexamined Patent 
Publication No. 59-212040 is available. 

More specifically, when the radio base station (1) 
53 determines the necessity for line switching during 
communication between the PS 48 and the radio base 
station (1) 53, the radio base station (1) 53 sends a line 
switching notification to the radio connection unit 55, 
and also sends a communication interruption notifica- 
tion to the data processing apparatus 49. Upon recep- 
tion of the notification, the data processing apparatus 
49 transmits an acknowledgement signal to the radio 
connection unit 55 and starts to store, in the BM 50, the 
communication data which has been directly transmit- 
ted. When the radio connection unit 55 receives the ac- 
knowledgement signal from the data processing appa- 
ratus 49, the communication between the PS 48 and the 
radio base station (1) 53 is interrupted. While the data 
processing apparatus 49 is storing the communication 
data, line switching processing is performed. When the 
radio base station (2) 54 to serve next is determined, 
the radio connection unit 55 sends a switching instruc- 
tion to the radio base station (1 ) 53, that has been serv- 
ing up until now, and the radio base station (2) 54 that 
is to serve next. Upon reception of the switching instruc- 
tions, the radio base station (1 ) 53 as the curently serv- 
ing station sends a switching instruction to the commu- 
nication controller 52. When these operations are com- 
plete, the communication is resumed. When the com- 
munication is resumed, the data processing apparatus 
49 reads out the data stored in the BM 50 and transmits 
the data to the radio base station (2) 54 through the com- 
munication controller 52. When all the data are read out 



from the BM 50, direct communication without the me- 
diacy of the BM 50 is started again. 

The following problems are posed in the above pre- 
viously proposed data transmission scheme. 

5 First, in data transmission between a server unit, 
which is assumed to be outside the area covered by a 
communication network, and a PS, the server unit that 
transmits/receives data to/from the PS has no BM for 
storing data. For this reason, if a hit occurs during data 

10 transmission from the server unit to the PS, data is lost. 
Second, no consideration is given to a case wherein 
line disconnection cannot be avoided because of con- 
tinuous slot errors or a continuous reduction in electric 
field strength. For this reason, data is lost when the line 

is is disconnected. 

Third, the radio base station must monitor the re- 
ception state of the PS so as to send a line switching 
instruction thereto. For this reason, line switching 
processing is complicated, resulting in a decrease in line 

20 switching speed. 

Features of a a network system for mobile radio 
communication to be described below, by way of exam- 
ple in illustration of the invention are that a PS is con- 
nected to a public radio base station (to be referred to 

25 as a public CS hereinafter) or a private radio base sta- 
tion (to be referred to as a private CS hereinafter) to per- 
form data communication with a server unit in a network, 
and that data losses can be minimised even if slot errors 
or a reduction in electric field strength occur between a 

30 ps and the CS, thereby providing highly reliable data 
transmission. 

In one arrangement to be described below, by way 
of example in illustration of the present invention, there 
is provided a network system for mobile radio commu- 

35 nication (which is referred to as a network system for 
mobile radio communication using a public CS herein- 
after) comprising a network constituted by a server unit 
and a client unit, a radio connection unit connected to a 
communication network, a public CS installed in a cell, 

40 and a PS which establishes a radio channel with the 
public CS while moving, the network system being 
adapted to perform data communication between the 
server unit and the PS, wherein each of the server unit 
and the PS includes a BM and an auxiliary storage unit 

45 which hold data, and the PS includes an electric field 
strength monitoring section for monitoring slot errors or 
a reduction in an electric field strength, stores data in 
the BM during data transmission to the server unit when 
a level based on slot errors or a reduction in electric field 

50 strength is not lower than a threshold for line switching, 
sends a line switching notification to the server unit, 
sends a line switching request to the public CS, and 
starts to transmit the data stored in the BM upon recep- 
tion of a response indicating completion of line switching 

55 from the public CS. 

In another network system for mobile radio commu- 
nication using a public CS, to be described below, by 
way of example in illustration of the invention a PS in- 
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eludes a section for instructing a server unit to store data 
in a BM during data reception from the server unit when 
an electric field strength monitoring section determines 
that a level based on slot errors or a reduction in electric 
field strength is not lowerthan athresholdfor line switch- 
ing, a section for sending a line switching request to the 
public CS, and a section for notifying the server unit of 
completion of line switching upon reception of a re- 
sponse indicating completion of line switching from the 
public CS, and the server unit includes a section for 
starting to transmit the data stored in a BM. 

In yet another arrangement to be described below 
by way of example in illustration of the present invention, 
there is a network system for mobile radio communica- 
tion using a public CS, in which a PS includes a section 
for sending a server unit a notification indicating that 
preparation for line disconnection is in progress during 
data reception from the server unit when a level based 
on slot errors or a reduction in electric field strength is 
not lower than a threshold for line disconnection, a sec- 
tion for starting a timer, and a section for notifying the 
server unit of recovery of the electric field strength when 
the electric field strength is recovered within a discon- 
nection determination time, and the server unit includes 
a section for storing data in a BM upon reception of the 
notification indicating that preparation for line discon- 
nection is in progress from the PS, and a section for 
starting to transmit the data stored in a BM upon recep- 
tion of a notification indicating that the electric field 
strength is recovered. 

A further arrangement to be described below by 
way of example in illustration of the present invention, 
includes a network system for mobile radio communica- 
tion using a public CS, in which a PS includes a section 
for storing data in a BM during data transmission to a 
server unit when an electric field strength monitoring 
section determines that a level based on slot errors or 
a reduction in electric field strength is not lower than a 
threshold for line disconnection, a section for starting a 
timer, and a section for starting the data stored in a BM 
when the electric field strength is recovered within a pre- 
determined disconnection determination time. 

In yet a further arrangement to be described below, 
by way of example in illustration of the present invention, 
in a network system for mobile radio communication, 
when the electric field strength is not recovered within 
the disconnection determination time, the PS can output 
a line disconnection request to the public CS and can 
perform termination processing in preparation for power 
off of the PS upon completion of line disconnection. 

A still further network system for mobile radio com- 
munication to be described below, by way of example 
in illustration of the invention includes a private network 
constituted by a radio management server, a server unit, 
and a client unit, a private CS installed in a cell, and a 
PS which establishes a radio channel with the private 
CS while moving, the system being adapted to perform 
data communication between the server unit and the 



PS, each of the server unit and the PS including a BM 
and an auxiliary storage unit which hold data, and the 
PS including an electric field strength monitoring section 
for monitoring slot errors or a reduction in electric field 
5 strength, a section for storing data in the BM during data 
transmission to the server unit when a level based on 
slot errors or a reduction in electric field strength is not 
lower than a threshold for line switching, a section for 
sending a line switching notification to the server unit, a 
10 section for sending a line switching request to the private 
CS, and a section for starting to transmit the data stored 
in the BM upon reception of a response indicating com- 
pletion of line switching from the private CS. 

There will also be described below, by way of ex- 
15 ample in illustration of the present invention, a network 
system for mobile radio communication using a private 
CS, in which a PS includes a section for instructing a 
server unit to store data in a BM during data reception 
from the server unit when an electric field strength mon- 
20 itoring section determines that a level based on slot er- 
rors or a reduction in electric field strength is not lower 
than a threshold for line switching, a section for sending 
a line switching request to the private CS, and a section 
for notifying the server unit of completion of line switch- 
es ing upon reception of a response indicating completion 
of line switching from the private CS, and the server unit 
includes a section for changing a private CS destination 
ID of the data stored in a BM to a private CS destination 
ID after line switching, and a section for starting to trans- 
30 mit the stored data. 

A network system for mobile radio communication 
using a private CS will also be described below, by way 
of example, in illustration of the invention, in which a PS 
includes a section for notifying a server unit that prepa- 
ys ration for line disconnection is in progress during data 
reception from the server unit when an electric field 
strength monitoring section determines that a level 
based on slot errors or a reduction in electric field 
strength is not lower than a threshold for line switching, 
40 a section for starting a timer, and a section for notifying 
the server unit of recovery of the electric field strength 
when the electric field strength is recovered within a dis- 
connection determination time, and the server unit in- 
cludes a section for storing data in a BM upon reception 
45 of a notification indicating that preparation for line dis- 
connection is in progress from the PS, and a section for 
starting to transmit the data stored in the BM upon re- 
ception of a notification indicating that the electric field 
strength is recovered. 
50 a further network system for mobile radio commu- 
nication using a private CS will also be described below, 
in illustration of the invention, in which a PS includes a 
section for storing data in a BM during data transmission 
to a server unit when an electric field strength monitoring 
55 section determines that a level based on slot errors or 
a reduction in electric field strength is not lower than a 
threshold for line disconnection, a section for starting a 
timer, and a section for starting to transmit the data 
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stored in a BM when the electric field strength is recov- 
ered within a predetermined disconnection determina- 
tion time. 

In this network system for mobile radio communica- 
tion the PS can output a line disconnection request to 
the public CS when the electric field strength is not re- 
covered within the disconnection determination time, 
and can perform termination processing in preparation 
for power off of the PS upon completion of line discon- 
nection. 

A network system for mobile radio communication 
including both a mobile radio network system using a 
public CS and a mobile radio network system using a 
private CS will also be described below by way of ex- 
ample in illustration of the invention, in which a PS in- 
cludes a section for switching connection to the public 
CS or the private CS. 

Furthermore, in a system in which a PS is connect- 
ed to a radio base station to perform data communica- 
tion with a server unit in a network to be described below, 
by way of example in illustration of the invention, even 
if slot errors or a reduction in electric field strength oc- 
curs between the PS and the radio base station, data 
losses can be minimised, and highly reliable data trans- 
mission can be provided. 

The following description and drawings disclose, by 
means of examples, the invention which is character- 
ised in the appended claims, whose terms determine the 
extent of the protection conferred hereby. 

In the drawings:- 

Fig. 2 is a block diagram showing the overall ar- 
rangement of a first system, 
Fig, 3 is a flow chart showing a f i rst mode procedu re 
for the first system, 

Fig. 4 is a flow chart showing a second mode pro- 
cedure for the first system, 

Fig. 5 is a flow chart showing a third mode proce- 
dure for the first system, 

Fig. 6 is a flow chart showing a fourth mode proce- 
dure for the first system, 

Fig. 7 is a flowchart showing a fifth mode procedure 
for the first system, 

Fig. 8 is a block diagram showing the overall ar- 
rangement of a second system, 
Fig. 9 is a flow chart showing a first mode procedure 
for the second system, 

Fig. 10 is a flow chart showing a second mode pro- 
cedure for second mode of the second system, 
Fig. 11 is a flow chart showing a third mode proce- 
dure for the second system, 
Fig. 12 is a flow chart showing a fourth mode pro- 
cedure for the second system, 
Fig. 13 is a flow chart showing a fifth mode proce- 
dure for the second system, and 
Fig. 14 is a block diagram showing the overall ar- 
rangement of a third system. 
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A network system for mobile radio communication 
will be described below with reference to Fig. 2. Assume 
that a slot error or a reduction in electric field strength 
occurs between a PS and a public CS during a wide- 

s area information service in which, for example, the user 
transmits/receives data, outside the office, to/from a 
server unit connected to a network such as an office 
LAN through a high-speed network such as an ISDN or 
a public network such as a telephone line. The first sys- 

10 tern comprises a network 21 constituted by a server unit 
15 and a client unit 20, a line switching unit 9 to which 
the network 21 is connected through a digital line inter- 
face section 1 4 and a high-speed network 1 1 or through 
an analog circuit interface section 13, a public network 

15 12, and the high-speed network 11, a radio connection 
unit 8 for generating position information on the basis of 
a PS position registration request from a public CS (1) 
6 or a public CS (2) 7, a radio service control station 10 
for recording the position information, and a group of unit 

20 cells. Each unit cell comprises the public CS (1 ) 6 or the 
public CS (2) 7 and a PS 1 which establishes a channel 
with the public CS (1 ) 6 or the public CS (2) 7 in the unit 
cell while moving. 

In the above system, the PS 1 has a means of re- 

2$ questing the public CS (1) 6 to perform line switching 
and disconnection. The PS 1 includes a data transmis- 
sion/reception section 2 for transmitting/receiving data, 
an electric field strength monitoring section 3 for moni- 
toring a slot error or a reduction in electric field strength, 

30 a BM 4 for temporarily storing data to be commun icated, 
and an auxiliary storage unit 5 for saving data. The serv- 
er unit 15 includes a data processing section 17 for an- 
alyzing a request from the PS 1 and processing neces- 
sary data, a data transmission/reception section 16 for 

35 transmitting/receiving data, a BM 1 8 for temporarily stor- 
ing data to be communicated, and an auxiliary storage 
unit 19. The digital line interface section 14 provides the 
interface between the high-speed network 11 and the 
server unit 15. The analog circuit interface section 13 

40 provides the interface between the public network 12 
and the server unit 15. As the digital line interface sec- 
tion 14, an assembly of a terminal adaptor, a line con- 
troller, and an ISDN board is available. As the analog 
circuit interface section 13, a modem is available. Note 

45 that the above interface sections can be replaced with 
other interface devices in accordance with an increase 
in the communication speed of a line. 

Assume that in a 4-channel multiplex multi-carrier 
TDMA (Time Division Multiple Access)/TDD (Time Divi- 
de sion Duplex), a digital signal on one radio carrier is di- 
vided into frames at 5-ms intervals, and each frame is 
further divided into eight slots, and that a slot error indi- 
cates a state wherein data transmitted from a home sta- 
tion in a given slot cannot be received by a distant sta- 

55 tion. 

Assume also that the thresholds for line switching 
and line disconnection are specified in advance be- 
tween the PS and the radio base station, and both the 
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level obtained by monitoring a reduction in electric field 
strength instead of slot errors and the level based on a 
combination of monitoring operations for slot errors and 
a reduction in electric field strength can be compared 
with the above thresholds. Since a method of monitoring s 
slot errors and a reduction in electric field strength is a 
known technique in the radio communication schemes, 
and is not a constituent element of the present invention, 
a description thereof will be omitted. 

Assume that in the above arrangement, the level 10 
based on slot errors or a reduction in electric field 
strength is equal to or higher than the threshold for line 
switching, and data is to be transmitted to the server 
unit. The procedure required between the PS, the public 
CS, and the server unit in this case will be described as 1$ 
the first mode of the first system with reference to Fig. 3. 

When the electric field strength monitoring section 
3 of the PS 1 determines that the level based on slot 
errors or a reduction in electric field strength is equal to 
or higher than the threshold for line switching, the data 20 
transmission/reception section 2 temporarily stops the 
transmission, and stores, in the BM 4, the data which 
cannot be transmitted. The data transmission/reception 
section 2 then sends a line switching notification to the 
server unit 15. Upon reception of an acknowledgement 25 
from the server unit 15, the data transmission/reception 
section 2 requests the public CS (1) 6 to perform line 
switching. 

Upon reception of the line switching instruction from 
the public CS (1 ) 6, the PS 1 sends the public CS (2) 7 30 
a request for establishing a channel for transferring in- 
formation required to connect the radio base station and 
the PS (to be referred to as a link line establishment re- 
quest hereinafter). When the link line is established, the 
PS 1 sends the public CS (2) 7 a request for establishing 35 
a channel used to transmit/receive data (to be referred 
to as a service channel establishment request hereinaf- 
ter). Upon reception of the request, the public CS (2) 7 
sends a position registration signal to the radio connec- 
tion unit 8. The signal is then registered in the radio serv- 40 
ice control station 10 through the radio connection unit 
8 and the line switching unit 9. Upon reception of a re- 
sponse signal indicating the completion of line switching 
from the public CS (2) 7, the PS 1 notifies the server unit 
15 of the completion of line switching. Upon reception 45 
of an acknowledgement from the server unit 15, the PS 
1 starts to transmit the data stored in the BM 4. 

Assume that the level based on slot errors or a re- 
duction in electric field strength is equal to or higher than 
the threshold for line switching, and data is to be re- so 
ceived from the server unit. The procedure required be- 
tween the PS, the public CS, and the server unit in this 
case will be described as the second mode of the first 
system with reference to Fig. 4. 

When the electric field strength monitoring section 55 
3 of the PS 1 determines that the level based on slot 
errors or a reduction electric field strength is equal to or 
higher than the threshold for line switching, the PS 1 
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sends a line switching notification to the server unit 15. 
In the server unit 15, the data transmission/reception 
section 16 temporarily stops the transmission, stores, in 
the BM 18, the data which cannot be transmitted, and 
sends the PS 1 an acknowledgement to the line switch- 
ing notification. Upon reception of the acknowledge- 
ment, the PS 1 sends a line switching request tothe pub- 
lic CS (1)6. 

Upon reception of a line switching instruction from 
the public CS (1) 6, the PS 1 sends a link channel es- 
tablishment request to the public CS (2) 7. When a link 
channel is established, the PS 1 sends a service chan- 
nel establishment request to the public CS (2) 7. Upon 
reception of the request, the public CS (2) 7 sends a 
position registration signal to the radio connection unit 
8. The signal is then registered in the radio service con- 
trol station 10 through the radio connection unit 8 and 
the line switching unit 9. Upon reception of a response 
indicating the completion of line switching from the pub- 
lic CS (2) 7, the PS 1 notifies the server unit 15 of the 
completion of line switching. The server unit 15 sends 
an acknowledgement to the PS 1 and starts to transmit 
the data stored in the BM 18. 

Assume that the level based on slot errors or a re- 
duction in electric field strength is equal to or higher than 
the threshold for line switching, and data is to be re- 
ceived from the server unit. The procedure required be- 
tween the PS, the public CS, and the server unit in this 
case will be described as the third mode of the first sys- 
tem with reference to Fig. 5. 

When the electric field strength monitoring section 
3 determines that the level based on slot errors or a re- 
duction in electric field strength is equal to or higher than 
the threshold for line disconnection, the PS 1 sends a 
line disconnection preparation notification to the server 
unit 15. In the server unit 15, the data transmission/re- 
ception section 16 temporarily stops the transmission, 
stores, in the BM 1 8, the data which cannot be transmit- 
ted, and sends an acknowledgement to the PS 1 . Upon 
reception of the acknowledgement, the PS 1 starts the 
timer and checks whether the electric field strength is 
recovered within a predetermined disconnection deter- 
mination time. If the electric field strength is recovered 
within the predetermined disconnection determination 
time, the PS 1 notifies the server unit 15 that line dis- 
connection is not required. The server unit 15 then 
sends an acknowledgement to the PS 1 , and starts to 
transmit the data stored in the BM 18. 

Assume that the level based on slot errors or a re- 
duction in electric field strength is equal to or higher than 
the threshold for line switching, and data is to be trans- 
mitted to the server unit. The procedure required be- 
tween the PS, the public CS, and the server unit in this 
case will be described as the fourth mode of the first 
system with reference to Fig. 6. 

When the electric field strength monitoring section 
3 of the PS 1 determines that the level based on slot 
errors or a reduction in electric field strength is equal to 
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or higher than the threshold for line disconnection, the 
data transmission/reception section 2 temporarily stops 
the transmission, stores, in the BM 4, the data which 
cannot be transmitted, and sends a line disconnection 
preparation notification to the server unit 15. Upon re- 
ception of an acknowledgement from the server unit 1 5, 
the PS 1 starts the timer, and checks whether the electric 
field strength is recovered within a predetermined dis- 
connection determination time. If the electric field 
strength is recovered within the disconnection determi- 
nation time, the PS 1 notifies the server unit 15 that line 
disconnection is not required. Upon reception of an ac- 
knowledgement from the server unit 15, the PS 1 starts 
to transmit the data stored in the BM 4. 

The procedure required between the PS, the public 
CS, and the server unit when the electric field strength 
is not recovered within the predetermined determination 
time in the fourth mode will be described below as the 
fifth mode of the first system with reference to Fig. 7. 

If the electric field strength is not recovered within 
the disconnection determination time, the data stored in 
the BM 4 and information indicating the current opera- 
tion state are saved in the auxiliary storage unit 5. The 
PS 1 sends a line disconnection request to the public 
CS (1 ) 6. Upon reception of a line disconnection instruc- 
tion from the public CS (1) 6, the PS 1 disconnects the 
line, and notifies the public CS (1 ) 6 that the line is dis- 
connected. The PS 1 is then powered off. When the PS 
1 is powered on again, the operation state indicated by 
the information saved in the auxiliary storage unit 5 is 
restored. When the electric field strength is recovered, 
the PS 1 retransmits the data saved in the auxiliary stor- 
age unit 5. 

Fig. 8 is a block diagram showing the overall ar- 
rangement of the second system of the present inven- 
tion. A network system for mobile radio communication 
will be described below. Assume that a slot error or a 
reduction in electric field strength occurs between a PS 
and a private CS during a local information service sys- 
tem orthe like in which, for example, data is transmitted/ 
received to/from a server unit connected to a network in 
facilities such as an amusement park without the medi- 
acy of a line. 

The second system comprises a network A23 con- 
stituted by a radio management server A26, a group of 
unit cells, a server unit A27, and a client unit (1 ) 29, and 
a network B31 constituted by a radio management serv- 
er B32, a group of unit cells, a server unit B33, and a 
client unit (2) 34. Each unit cell is constituted by a private 
CS (1) 24 and a CS (2) 25, or a CS (3) 36 and a CS (4) 
37, and a PS (1) 22 or a PS (2) 38 which establishes a 
channel with a private CS in the unit cell while moving. 

The PS (1) 22 or the PS (2) 38 has a means of re- 
questing a private CS to perform line switching and dis- 
connection. Each PS includes a data transmission/re- 
ception section 2 for transmitting/receiving data, an 
electric field strength monitoring section 3 for monitoring 
slot errors or a reduction in electric field strength due to 



interference, a BM 4 for temporarily storing data to be 
communicated, and an auxiliary storage unit 5 for saving 
data. Each of the server units 27 and 33 includes a data 
processing section 17 for analyzing a request from a 

s corresponding one of the PS (1) 22 and the PS (2) 38, 
and processing necessary data, a data transmission/re- 
ception section 1 6 for transmitting/receiving data, a BM 
18 for temporarily storing data to be communicated, an 
auxiliary storage unit 1 9, and an ID changing section 28. 

io Assume that in the above system, the address of 
the PS is registered in the radio management server in 
advance, and the radio management server can trans- 
mit data to the PS by changing the destination of the 
data on the basis of the address. 

is Assume that in the above arrangement, the level 
based on slot errors or a reduction in electric field 
strength is equal to or higher than a threshold for line 
switching, and data is to be transmitted to the server 
unit. The procedure required between the PS, the pri- 

20 vate CS, and the server unit in this case will be described 
below as the first mode of the second system with ref- 
erence to Fig. 9. 

When the electric field strength monitoring section 
3 of the PS (1) 22 determines that the level based on 

25 slot errors or a reduction in electric field strength is equal 
to or higher than the threshold for line switching, the data 
transmission/reception section 2 temporarily stops the 
transmission, stores, in the BM 4, the data which cannot 
be transmitted, and sends a line switching notification 

30 to the server unit A27. Upon reception of an acknowl- 
edgement from the server unit A27, the PS (1) 22 sends 
a line switching request to the private CS (1) 24. 

Upon reception of a line switching instruction from 
the private CS (1 ) 24, the PS (1 ) 22 sends a link channel 

35 establishment request to the private CS (2) 25. When a 
link channel is established, the PS (1 ) 22 sends a serv- 
ice channel establishment request to the private CS (2) 
25. Upon reception of the request, the private CS (2) 25 
requests the radio management server A26 to change 

40 the ID of the PS (1) 22. Upon reception of the request, 
the radio management server A26 changes the I D of the 
PS (1 ) 22, holds the I D data, and notifies the server unit 
A27 that the ID has been changed. Upon reception of a 
response indicating the completion of line switching 

45 from the private CS (2) 25, the PS (1) 22 notifies the 
server unit A27 of the completion of line switching. Upon 
reception of an acknowledgement from the server unit 
A27, the PS (1) 22 starts to transmit the data stored in 
the BM 4. 

so Assume that the level based on slot errors or a re- 
duction in electric field strength is equal to or higher than 
a threshold for line switching, and data is to be received 
from the server unit. The procedure required between 
the PS, the private CS, and the server unit in this case 

55 will be described below as the second mode of the sec- 
ond system with reference to Fig. 10. 

When the electric field strength monitoring section 
3 determines that the level based on slot errors or a re- 
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duction in electric field strength is equal to or higher than 
the threshold for line switching, the PS (1) 22 sends a 
line switching notification to the server unit A27. In the 
server unit A27, the data transmission/reception section 
16 temporarily stops the transmission, stores, intheBM 5 
18, the data which cannot be transmitted, and sends the 
PS (1 ) 22 an acknowledgement to the line switching no- 
tification. 

Upon reception of the acknowledgement, the PS ( 1 ) 
22 sends a line switching request to the private CS (1 ) to 
24. Upon reception of a line switching instruction from 
the private CS (1 ) 24, the PS (1 ) 22 sends a link channel 
establishment request to the private CS (2) 25. When a 
link channel is established, the PS (1 ) 22 sends a serv- 
ice channel establishment request to the private CS (2) is 
25. 

Upon reception of the request, the private CS (2) 25 
requests the radio management server A26 to change 
the ID of the PS (1) 22. Upon reception of the request, 
the radio management server A26 changes the I D of the 20 
PS (1 ) 22, and holds the ID data. At the same time, the 
radio management server A26 notifies the server unit 
A27 that the ID is changed. Upon reception of a re- 
sponse indicating the completion of line switching from 
the private CS (2) 25, the PS (1) 22 notifies the server 25 
unit A27 of the completion of line switching. The server 
unit A27 sends an acknowledgement to the PS (1 ) 22. 
The ID changing section 28 then changes the destina- 
tion of the data stored in the BM 1 8, and starts to transmit 
the data. 30 

Assume that the level based on slot errors or a re- 
duction in electric field strength is equal to or higher than 
a threshold for line disconnection, and data is to be re- 
ceived from the server unit. The procedure required be- 
tween the PS, the private CS, and the server unit in this 35 
case will be described below as the third mode of the 
second system with reference to Fig. 11. 

When the electric field strength monitoring section 
3 of the PS (1) 22 determines that the level based on 
slot errors or a reduction in electric field strength is equal 40 
to or higher than the threshold for line switching, the PS 
(1) 22 sends a line switching preparation notification to 
the server unit A27. In the server unit A27, the data 
transmission/reception section 16 temporarily stops the 
transmission, stores, in the BM 18, the data which can- 45 
not be transmitted, and sends an acknowledgement to 
the PS (1 ) 22. Upon reception of the acknowledgement, 
the PS (1) 22 starts a timer, and checks whether the 
electric field strength is recovered within a predeter- 
mined disconnection determination time. If the electric so 
field strength is recovered within the disconnection de- 
termination time, the PS (1) 22 notifies the server unit 
A27 that line disconnection is not required. The server 
unit A27 sends an acknowledgement to the PS (1 ) 22, 
and starts to transmit the data stored in the BM 18. 55 

Assume that the level based on slot errors or a re- 
duction in electric field strength is equal to or higher than 
a threshold for line disconnection, and data is to be 
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transmitted to the server unit. The procedure required 
between the PS, the private CS, and the server unit in 
this case will be described below as the fourth mode of 
the second system with reference to Fig. 12. 

When the electric field strength monitoring section 
3 of the PS (1) 22 determines that the level based on 
slot errors or a reduction in electric field strength is equal 
to or higher than the threshold for line connection, the 
data transmission/reception section 2 temporarily stops 
the transmission, stores, in the BM 4, the data which 
cannot be transmitted, and sends a line disconnection 
notification to the server unit A27. Upon reception of an 
acknowledgement from the server unit A27, the PS (1) 
22 starts the timer, and checks whether the electric field 
strength is recovered within a predetermined discon- 
nection determination time. If the electric field strength 
is recovered within the disconnection determination 
time, the PS (1 ) 22 notifies the server unit A27 that line 
disconnection is not required. Upon reception of an ac- 
knowledgement from the server unit A27, the PS (1 ) 22 
starts to transmit the data stored in the BM 4. 

The procedure required between the PS, the private 
CS, and the server unit when the electric field strength 
is not recovered within the disconnection determination 
time in the fourth mode will be described below as the 
fifth mode of the second system with reference to Fig. 
13. 

If the electric field strength is not recovered within 
the disconnection determination time, the data stored in 
the BM 4 and information indicating the current opera- 
tion state are saved in the auxiliary storage unit 5. The 
PS (1 ) 22 then sends a fine disconnection request to the 
private CS (1 ) 24. Upon reception of a line disconnection 
instruction from the private CS (1 ) 24, the PS (1 ) 22 dis- 
connects the line, and notifies the private CS (1 ) 24 that 
the line is disconnected. The PS (1 ) 22 is then powered 
off. When the PS (1 ) 22 is powered on again, the oper- 
ation state indicated by the information saved in the aux- 
iliary storage unit 5 is restored. If the electric field 
strength is recovered, the PS (1 ) 22 retransmits the data 
saved in the auxiliary storage unit 5. 

Fig. 14 is a block diagram showing the overall ar- 
rangement of the third system of the present invention. 

The third system comprises first and second sys- 
tems. The first system includes a line switching unit 9 to 
which a network 46 constituted by a server unit 15 and 
a client unit 47 is connected through a digital line inter- 
face section 14 and high-speed network 11 or through 
an analog circuit interface section 13, a public network 
12, and the high-speed network 11, a radio connection 
unit 8 for generating position information on the basis of 
a position registration request from a public CS 39, a 
radio service control station 10 for registering the posi- 
tion information, and a group of unit cells each consti- 
tuted by a PS 1 which establishes a channel with the 
public CS 39 while moving, and the public CS 39. The 
second system includes a network 40 constituted by a 
radio management server 42, a server unit 43, and a 
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client unit 44 and a group of unit cells each constituted 
by the PS 1 which establishes a channel with a private 
CS 41 while moving, and the private CS 41 . 

In this system, for example, when the PS 1 is pow- 
ered on, a channel is established between the PS 1 and 
the private CS 41 of the second system which is located 
in the unit cell. When the user operates a switch like a 
public station button which makes the user notice the 
use of a communication network, the data transmission/ 
reception section 2 of the PS 1 detects the start of con- 
nection processing with respect to a public CS, thereby 
connecting a channel between the PS 1 and the public 
CS 39 of the first system which is located in the unit cell. 
When the private CS 41 of the second system or the 
public CS 3g of the first system is selected in this man- 
ner, the PS 1 can transmit/receive data to/from the serv- 
er unit 43 connected to the network inside the same fa- 
cilities, or can transmit/receive data to/from the server 
unit 15 connected to a network such as a LAN in other 
facilities inside the office. 

It will be understood that although embodiments il- 
lustrative of the invention have been described, by way 
of example, with reference to the accompanying draw- 
ings, variations and modifications thereof, as well as 
other embodiments, may be made within the scope of 
the protection sought by the appended claims. 



Claims 

1 . A network system for mobile radio communication 
including a network constituted by a server unit and 
a client unit, a radio connection unit connected to a 
communication network, a public radio base station 
installed in a cell, and a mobile radio terminal which 
establishes a radio channel with said public radio 
base station while moving, said system being 
adapted to perform data communication between 
said server unit and said mobile radio terminal, 

each of said server unit and said mobile radio 
terminal including a buffer memory and an auxiliary 
storage unit which hold data, and said mobile radio 
terminal including an electric field strength monitor- 
ing section for monitoring slot errors or a reduction 
in electric field strength, means for storing data in 
said buffer memory during data transmission to said 
server unit when a level based on slot errors or a 
reduction in electric field strength is not lower than 
a threshold for line switching, means for sending a 
line switching notification to said server unit, means 
for sending a line switching request to said public 
radio base station, and means for starting to trans- 
mit the data stored in said buffer memory upon re- 
ception of a response indicating completion of line 
switching from said public radio base station. 

2. A network system for mobile radio communication 
including a network constituted by a server unit and 
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a client unit, a radio connection unit connected to a 
communication network, a public radio base station 
installed in a cell, and a mobile radio terminal which 
establishes a radio channel with said public radio 

s base station while moving, said system being 
adapted to perform data communication between 
said server unit and said mobile radio terminal, 

said mobile radio terminal including means for 
instructing said server unit to store data in a buffer 

10 memory during data reception from said server unit 
when an electric field strength monitoring section 
determines that a level based on slot errors or a re- 
duction in electric field strength is not lower than a 
threshold for line switching, means for sending a 

15 line switching request to said public radio base sta- 
tion, and means for notifying said server unit of com- 
pletion of line switching upon reception of a re- 
sponse indicating completion of line switching from 
said public radio base station, and said server unit 

20 including means for starting to transmit the data 
stored in said buffer memory. 

3. A network system for mobile radio communication 
including a network constituted by a server unit and 

25 a client unit, a radio connection unit connected to a 
communication network, a public radio base station 
installed in a cell, and a mobile radio terminal which 
establishes a radio channel with said public radio 
base station while moving, said system being 

30 adapted to perform data communication between 
said server unit and said mobile radio terminal, 

said mobile radio terminal including means for 
sending said server unit a notification indicating that 
line disconnection is being prepared during data re- 

35 ception from said server unit when a level based on 
slot errors or a reduction in electric field strength is 
not lower than a threshold for line disconnection, 
means for starting a timer, and means for notifying 
said server unit of recovery of the electric field 

40 strength when the electric field strength is recov- 
ered within a disconnection determination time, and 
said server unit including means for storing data in 
a buffer memory upon reception of the notification 
indicating that preparation for line disconnection is 

45 jn progress from said mobile radio terminal, and 
means for starting to transmit the data stored in said 
buffer memory upon reception of a notification indi- 
cating that the electric field strength is recovered. 

50 4. a network system for mobile radio communication 
including a network constituted by a server unit and 
a client unit, a radio connection unit connected to a 
communication network, a public radio base station 
installed in a cell, and a mobile radio terminal which 

55 establishes a radio channel with said public radio 
base station while moving, said system being 
adapted to perform data communication between 
said server unit and said mobile radio terminal, 
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said mobile radio terminal including means for 
storing data in a buffer memory during data trans- 
mission to said server unit when an electric field 
strength monitoring section determines that a level 
based on slot errors or a reduction in electric field 5 
strength is not lower than a threshold for line dis- 
connection, means for starting a timer, and means 
for starting the data stored in said buffer memory 
when the electric field strength is recovered within 
a predetermined disconnection determination time. 10 

5. A network system as claimed in claim 4, wherein 
said mobile radio terminal includes means for out- 
putting a line disconnection request to said public 
radio base station when the electric field strength is '5 
not recovered within the disconnection determina- 
tion time, and means for performing termination 
processing in preparation for power off of said mo- 
bile radio terminal upon completion of line discon- 
nection. 20 

6. A network system for mobile radio communication 
including a private network constituted by a radio 
management server, a server unit, and a client unit, 

a private radio base station installed in a cell, and 25 
a mobile radio terminal which establishes a radio 
channel with said private radio base station while 
moving, said system being adapted to perform data 
communication between said server unit and said 
mobile radio terminal, 30 

each of said server unit and said mobile radio 
terminal including a buffer memory and an auxiliary 
storage unit which hold data, and said mobile radio 
terminal including an electric field strength monitor- 
ing section for monitoring slot errors or a reduction 35 
in electric field strength, means for storing data in 
said buffer memory during data transmission to said 
server unit when a level based on slot errors or a 
reduction in electric field strength is not lower than 
a threshold for line switching, means for sending a 40 
line switching notification to said server unit, means 
for sending a line switching request to said private 
radio base station, and means for starting to trans- 
mit the data stored in said buffer memory upon re- 
ception of a response indicating completion of line 45 
switching from said private radio base station. 

7. A network system for mobile radio communication 
including a private network constituted by a radio 
management server, a server unit, and a client unit, so 
a private radio base station installed in a cell, and 

a mobile radio terminal which establishes a radio 
channel with said private radio base station while 
moving, said system being adapted to perform data 
communication between said server unit and said ss 
mobile radio terminal, 

said mobile radio terminal including means for 
instructing said server unit to store data in a buffer 
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memory during data reception from said server unit 
when an electric field strength monitoring section 
determines that a level based on slot errors or a re- 
duction in electric field strength is not lower than a 
threshold for line switching, means for sending a 
line switching request to said private radio base sta- 
tion, and means for notifying said server unit of com- 
pletion of line switching upon reception of a re- 
sponse indicating completion of line switching from 
said private radio base station, and said server unit 
including means for changing a private radio base 
station destination ID of the data stored in said buff- 
er memory to a private radio base station destina- 
tion ID after line switching, and means for starting 
to transmit the stored data. 

8. A network system for mobile radio communication 
including a private network constituted by a radio 
management server, a server unit, and a client unit, 
a private radio base station installed in a cell, and 
a mobile radio terminal which establishes a radio 
channel with said private radio base station while 
moving, said system being adapted to perform data 
communication between said server unit and said 
mobile radio terminal, 

said mobile radio terminal including means for 
notifying said server unit that preparation for line 
disconnection is in progress during data reception 
from said server unit when an electric field strength 
monitoring section determines that a level based on 
slot errors or a reduction in electric field strength is 
not lower than a threshold for line switching, means 
for starting a timer, and means for notifying said 
server unit of recovery of the electric field strength 
when the electric field strength is recovered within 
a disconnection determination time, and said server 
unit including means for storing data in a buffer 
memory upon reception of a notification indicating 
that line disconnection is being prepared from said 
mobile radio terminal, and means for starting to 
transmit the data stored in said buffer memory upon 
reception of a notification indicating that the electric 
field strength is recovered. 

9. A network system for mobile radio communication 
including a private network constituted by a radio 
management server, a server unit, and a client unit, 
a private radio base station installed in a cell, and 
a mobile radio terminal which establishes a radio 
channel with said private radio base station while 
moving, said system being adapted to perform data 
communication between said server unit and said 
mobile radio terminal, 

said mobile radio terminal including means for 
storing data in a buffer memory during data trans- 
mission to said server unit when an electric field 
strength monitoring section determines that a level 
based on slot errors or a reduction in electric field 
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strength is not lower than a threshold for line dis- 
connection, means for starting a timer, and means 
for starting to transmit the data stored in said buffer 
memory when the electric field strength is recov- 
ered within a predetermined disconnection determi- s 
nation time. 

10. A network system as claimed in claim 9, wherein 
said mobile radio terminal includes means for out- 
putting a line disconnection request to said public 10 
radio base station when the electric field strength is 

not recovered within the disconnection determina- 
tion time, and means for performing termination 
processing in preparation for power off of said mo- 
bile radio terminal upon completion of line discon- is 
nection. 

11. A network system for mobile radio communication 
including a first system including a network consti- 
tuted by a server unit and a client unit, a radio con- 20 
nection unit connected to said network, a public ra- 
dio base station installed in a cell, and a mobile ra- 
dio terminal which establishes a radio channel with 
said public radio base station while moving, and a 
second system including a private network consti- 25 
tuted by a radio management server, a server unit, 
and a client unit, a private radio base station in- 
stalled in a cell, and a mobile radio terminal which 
establishes a radio channel to said private radio 
base station while moving, 30 

said mobile radio terminal including means for 
switching connection to said public radio base sta- 
tion of said first system and said private radio base 
station of said second system. 
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FIG. 6 
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FIG. 7 
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